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These tests of the ifctdiscMi St. Railway line were made to 
determine the amount and fluctuation of the power re qui red, as 
affected by the varying conditions of the grades, mot ormen, 
track, equipments, loads carried, etc. and to determine other 
incidental data of interest and importance. The tests ware 
all made on the regular service runs, no alterations being 
made in favor of the tests. A canplete descripticsi of the 
line, cars, road-bed and power-hou.se is given, enabling the 
tests to be compared with those made on other roads under 
similar conditions. 

Mr. Hermann S. Bering gives the following general condi- 
tions which affect the performance of electric cars:- 

a. Character of the electrical equipment of the car, in- 
cluding motors, controllers, trolley wire connections, etc. 

b. Mechanical equipment, including trucks, wheels, etc. 

c. Character and condition of tracks aid road-bed, affect- 
ing the traction coefficient and speed limit. 

d. Curvature. 

e. Grades. 

f. Line resistance; including feeders and return circuit. 

g. Potential difference of the line; including the drop and 
the variation due to other cars. 

h. Load; nujnber of passengers, trailers, etc. 
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j. Number of stops. 

k. Schedule run; whether express, accommodation etc. 
1. Wind resistance. 

m. Controller position; motors in series or parallel or 
with rfesistEmce. 

n. Character of the operation by the motoman. The 
quantities involved in the perfonnanceof the cars, and af- 
fected by these conditions, are: 
p. Potential difference e^plied. 

q. Current used by the motors; including the division be- 
tween the motors; consequently the 
r. Electrical horse-power applied to the motors. 
8. Watt-hours required for any portion of the rosui or the 
total. 

t. Watt-hours per car mile. 
u. Losses. 
V. Speed. 

w. Traction coefficient. 
X. Net efficiency. 

These conditions have been considered in this thesis with the 
exception of m, 1 and x. 

The results of two typical tests and the average power 

used on the important curves and grades are presented in tab- 
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C^ee ifA^e* ^V- **** ^7*:--} 

ular form. The results obtained on outgoing and return 

A 

trips are plotted on separate sheets for all the trips. On 
another sheet the average results of all the trips are plot- 
ted. 

General Description. 

From the diagram ^page 1^ may be seen the extent of the 
company's lines and feeding system (also see map page^O. 
The jpain line starts at Blmside, beyond the aity limits, on 
the northeast. From here it extends through a residence 
portion, the main part of the city, and another residence 
portion to Camp Randall. After Camp Randall, it extends 
"©•ough a thinly settled portion over several severe grades. 
Near the terminus is a viaduct over the Illinois Central 
Railway track. The western terminus is at the Forest Hill 
Cemetery. The total length of the main line is 32,346 ft. 
or 6.1 miles. There are few level stretches along the 
length of the line; a great nyraber of gentle grades, and a 
few severe grades. 

The Johnson St. branch may be said to begin at the car 
bams on Baldwin Street, as the cars start at that point. 
The road turns, at Baldwin, and extends a considerable distance 
on Johnson street. This portion is quite level and is 
through a residence district. From Johnson street, the line 
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extends up Hamilton over a four per cent grade to Capitol 
Square. It circles half of the squeure and turns down W.Main 
street over a four per cent grade to the Illinois Central de- 
pot. The total length of this branch is 13,608 ft.or aSSimles. 

Swne of the important distances along the system are as 
follows:- 

Length of main line 32,346 ft. 

Length of branch line 13,608 

Length of feeder from power house east 4,400 

Length of feeder fran power house west 17,400 

Length from Williamson and Baldwin to 

Carroll and Mifflin 9,800 

Length from Baldwin St. to Elmside 7,219 

Length main line from Williamson and Baldwin to 

Carroll and Mifflin 8,630 

Operation of the Road. 
It is customary to run 6 and 7 cars on the main line and 
3 cars on the Johnson St. branch. No special arrangement is 
made for an exact time schedule and the cars are given fifteen 
minutes headway. The company does not generate its own power 
but rents the power by contract from the Madiscwi Gas and Elec- 
tric Co. Extra cars and trailers are run on special occa- 
sions. Extreme loads frequently occur at Camp Randall and 
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6 
at Schuetzen Park, niiere picnics and ^unes draw large crowds. 
The road has heavy trstf fie also en Sundays when many go out 
to the cemetery. 
Equipments. 

a. Power House. 

The power house, the location of which is shown in the 
diagram page 1 , is well situated as regards a minimum of 
copper required for a given average drop, in the feeding 
system. The theoretical centre of electrical distribution 
of the system has been found to be a point near Hamilton St. 
or about half a mile north -wast of the station. The sta- 
tion's proximity to Lake Monona and the steam railroad, allows 
economy in the coal handling and in water for the condensers, 
and the station is better situated than is the average of 
most city roads. 

The station is well equip ed with generating machinery 
and careful tests have shown that it is being run economical- 
ly. (See vol. XVI, Trais. Am. Soc. M. E. Test of a combined 
power and lifting plant.) 

The boiler room is equipped with two Hazel ton return 
tubular boilers, rated at 110 H.P. each and a Stirling boiler 
of 200 H.P. capacity. 

In the engine rocwi are three Russell compound, condens- 
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6 
ing engines. One of them is belted to two ^90 K.W. 500 volt, 
Ry. generators. These generators are used continuously 
through the day's run which lasts from about six A.M. to mid- 
night or 18 hours. At times of heavy traffic, the generators 
are too heavily loaded^ and the station should have more gen- 
erators for the railway circuit so as to relieve the operat- 
ing dynamos when overloaded. It is also cust(»nary to have a 
reserve generator for emergencies. 

For the railv/ay circuit there is a separate switch-board 
fully equipped with circuit-breakers, ammeters, voltmeter, 
watt-ineters and riieostats. 

b. Equipment of road-bed. 

The line is single-track throughout, with the excepticm 
of a short stretch around the Capitol Square. The curves, 
at the street comers, have radii varying fran 35 to 80 ft. 
(See page ?Ji^)» The road is well ballasted and the ties are 
of cedar 6x8"; 7 ft. long, and placed 18" from center to 
center. The rails, with the exception of those on the Elm- 
side extension, are 60 lb., T rails. Those on the Elmside 
extension are 30 lb., T rails. The joints are of the sup- 
ported type, there being a tie under each joint. All joints, 
except in the portion between Camp Randall and the cemetery 
are bonded with 24 inches of #0.B. and S soft copper jyi re. . 

Digitized by VnOO^lC 



Digitized by 



Google 



7 
The bond is known as the channel pin bond, holes being drill- 
ed in the web of the rail at the ends of the fish-plates. 
From Julia St. to the cemetery, a bond known as the •Horse- 
shoe bond" has lately been installed. Several of these 
bends have given trouble by burning ou.t. 

During our tests a new turnout was being put in near 
Camp Randall; several joints at this point had not been bond- 
ed, and this probably caused the excessive voltage drop no- 
ticed beyoid this point. 

Oh the main line the road is fairly smooth and allows a 
high speed to be maintained, but cm. Johnson St. the road-bed 
is so poor that the cars violently see-saw with but an aver- 
age speed. 

c. Equipment of Feeding System. 

The line has the ordinary span -wire construction, with 
the exception of a short stretch around the Capitol Square^ 
where ornamental, iron, centre-poles are used. The poles are 
30 ft. cedar poles, spaced at an average distance of 100 ft. 
The span wires are of No. 5, galvanized iron with insulated 
connections to eye-bolts at the poles. The trolley wire is 
of No.O,B and S copper and has a clearance of 18 ft. from the 
ground. At rail-road crossings several trolley-wire hang- 
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8 
ers are l^^»enched to ensure against the wire coining down at 
thise points. The feeder wire is of No. 0, B and S, insulated 
copper and is carried en the poles, parallel to the track. 
The total length of the feeder wire is 21,800 ft. 

She feeding system is known as the 'ladder system' and 
a sketch of the arrangement will be found on page 1 . Be- 
ginning at the east end^the first tap is at Williamson and 
Baldwin Streets, and a little nearer town is one at Patterson 
and Jenifer Streets. Then there is one at the power house; 
the turnout on King Street, Camp Randall, Wingra Park, and 
the last one is on Regent Street. 

Some of the points of feeding are unnecessarily close 
and the feeding system might be materially improved. The 
type of feeding system is satisfactory for conditicms ^as 
they exist in Madison^ but a city having denser traffic would 
require the feeding system to be blocked off in independent 
sections so as to make provision' for fires or other emergen- 
cies. 

a. Car Equipment. 

The bodies of the open cars were made by the Wells, 
French and Co. of Chicago. «ai3 the bodies of the closed cars 
were made by the St. Louis Car Co. The tru.cks, with the ex- 
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ceptlon of those on three open cars^are the Mc.Gulre trucks. 
All the other cars are equipped with the Curtiss trucks. The 
wheel bases are; - closed cars 6,6 ft.; Curtiss trucks 7 ft.; 
and for the other open cars^V.e ft. The closed cars are 
equipped with two "W.P.30", single reduction^ 15 H,P. motors 
and the open cars, with two^"G,B.800" motors, rated at 25 
H.P. each. This last named motor is a recent type and gives 
good satisfaction. Some of the old cars still have cast 
iron gears but most are equipped with cut steel gears. All 
of the motors are connected to the trucks by the 'nose sus- 
pension". 

The trucks of the closed cars weigh 3200 lbs, W't.bf W.P. 
motor is given below in detail :- 

Wt.of motor without gear or gear cover 1735''^ 
Wt. of axle gear 202 

Wt. of upper field casting 386 

Wt. of malleable iron cover 145 

Wt. lower field casting 420 

Wt. of frame complete 895 

Wt. of field spool 168 

Wt. of armature and pinion 660,, 

The closed cars weigh 14700^coraplete and the open cars 
weigh 17000^. A print of each type is shown on the^ast , 
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10 
pages. The closed cars were installed in 1882 and the open 
cars within a few years of the present time (1898). The 
controller^ in use are the G.E.^K,2, controllers. G,E. 
rheostats, canopy switches, lightning arresters etc, complete 
the electrical equipment. The cars are heated by coal. 
The best criterion of the car equipment is the repair account 
of the railway compary. The repair account of the line un- 
der consideration is small, only one man being employed to 
do repair work on the cars. 
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^fethod8 of Testing and Instruments. 

All of the electrical instruments used in the tests were 
from the laboratory of the University of Wisconsin, They 
consisted of tiro Weston Ammeters, one Weston volt-raeter and a 
Thomson-Houston^ recording watt-raeter of special make for 
railway work. 

In order to make some determinations on the pul} exerted 

by the motor cars, a rather rough dynamometer was constructed 

(See ppige "/^and dpawing). This consisted of a heavy 9/lQ 

inch spring, so arranged as to be put in compression when a 

pull was exerted at the eye-bars. This deflection would be 

even 
smalL under the worst conditions, and in order to make the de- 

flection readable, a steel rod was pivoted near the spring so 
that the upper point of it described an arc of a large rad- 
ius. The lower part of this rod was connected by a steel 
wire to the opposite end of the dynamometer. A gmduated 
frame, hinged at the top of the car was so disposed that the 
deflection of the steel rod could be noted. 

' The device worked fairly well but could not be relied 
upon to give more than a rough degree of accuracy. We cali- 
brated the dynamometer with an 01 sen testing machine (See 
calibration curves.) As we had no automatic speed recorder, 
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12 
the following method was devised. 

A telephcne receiver, battery and a spring contact were 
connected in series and so arranged that each revolution of 
the car axle closed the circuit and caused a click in the 
telephcne receiver. By means of a stop watch the time be- 
tween 11 clicks or during 10 revolutiois, was accurately 
noted. From the records of the trips, knowing the diameter 
of the wheels, all of the speeds have been computed in miles 
per hour. While this method was not as convenient as a 
method giving the instaneous speed, yet it was thoroughly 
satisfactory for the tests. 

The electrical instrujnents were carefully calibrated 
with a Kelvin balanceA»ct the watt-meter was calibrated by 
correcting the constant at different loads. (See calibra- 
tion curves) 
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Resistance of Feeding System and Ground Return. 

A car was run to the end of the line and the brake was 
firmly set. Care was taken that this car was the only one 
using current on the system. Upon turning the controller to 
the first position, readings were taken of the current and 
voltage. At the same time an assistant took readings of the 
station volt-meter. 

Let V : voltage at station 
V s voltage on car 
C = current. 
The resistance between the station and the point of measure- 
ment is 

R z 



• V - V ' 



We made these tests at both ends of the line and from the re- 
sults shown on the next page, the resistance of the whole 
system has been computed. 
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Date 


Point of Test 


c 


V 


V^ 


Av. R 


May 22 


Wingra Park 


37 


495 


440 




■ 


■ 


30 


485 


550 


1.206 ohms 


t 

May 26 


t 
Elmside 


31 

84 


470, 
404 


500 

V 

485 




t 
t 


■ 


25.5 
22 


412 
424 


485 
485 


2.539 ohms 


t 


t 


21 


440 


485 
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15 
Analysis of Resistance of Separate parts of System. 

Resistance of main line overhead, trolley and 

feeder, between (Williamson and Baldwin) 

and (Carroll and Mifflin Streets) .3378 ohms 

Resistance of overhead circuit of Johnson St. 

branch to Carroll and Mifflin 1.009 

(Note - The two sections above constitute what 

is termed the loop. See diagram page 1 ) 
Resistance of two in parallel ,252 

Resistance of overhead circuit of Blmside 

extension (from Baldwin to Blmside) .748 

All of these values just determined, together with the 
resistance of the ground return, gave us our second reading 
of 2.539 ohms 

Resistance of return » 2.539 - (.252 + .743)* 1.544 ohms 
Total resistance of overhead circuit .995 

Resistance of overhead circuit equals 

64 per cent of return. 
Assume resistance of return in loop='S/ =.39 ohms. 
Total resistance of loop ; .64 ohms 
Grand total resistance of system Z (2.539-. 64)+1.206r3,i05 ohns 
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Insulation Resistance. 

The diagram indicates the method 
we employed for measuring the insula- 
tion resistance of the line. The in- 
strument used was a Weston volt meter. 
The first connection was made across 
the dynamo terminals, as shown by the 
full lines, and the voltage V was read. The next connection 
was made by putting the volt meter in series with the trolley 
wire and another voltage V was read. Now if r be the re- 
sistance of the volt-meter, the insulation resistance is 

The following readings were taken from which the re- 
sistance has been calculated. 

r = 68,784 ohms 



V 


V 


R 


517 


512 


671.71 


515 


510 


674.35 




Av. R 


z 673.03 ohms 



This is extremely low, for insulation resistance^ making the 
resistance per mile only about 8.68 x 673.03 = ^'t/.6tci?ims. 
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The diagram, en the following page^ shows the connections 
of the instruments on the car. 

Betweai the canopy switch and controller, an ammeter and 
recording watt meter was placed. This ammeter recorded to- 
tal amperes. Another amneter, in series with one of the 
motors, showed the division of current between the motors. 
There was an observer at each instrumoit to take the readings 
at a given sigial. One observer sat near the motorman and 
noted the time that the current was on and off and the dura- 
tion and number of stops, and another observer gave the sig- 
nals and kept the readings checked. The poles had previous- 
ly been numbered from end to end^and sigials were usually 
given as we passed a pole so that the readings could be 
checked by making a note of the pole number. 

Eleven single trips were made, two on the Johnson St. 
branch being in the nature of preliminary runs. Ei^t reg- 
ular single trips were made on the main line and one single 
trip was made with the dynamcaneter car. 

Application Results. 

The grades of the main line were obtained throughout 
and from these, the profile of the road has been plotted. 
With the poles for reference points, the volts, amperes,E.H.P. 
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and speed have been plotted for each trip. The dynamometer 
pull has been plotted, in addition, for one of the trips. On 
paj^e liU,2L grand summary of all the trips is given, also a 
summary of the power used on the principal grades, and a sum- 
mary of the power used on curves. The power has been deter- 
mined by taking an average of a large number of readings, 
care being taken that the conditions were the sajne as far as 
type of car and points of reading were concerned. 

The starting currents are of some interest and these 
will be found tabulated. See page x74t. 

Determination of traction coefficient. 

When a car is pulled along a level track the force ex- 
erted at the draw bar is called the tractive force. It is 
the force that must be applied to overcome the friction of 
the journals/rails,and in the case of the motor car^the fric- 
tion of gear wheels, brushes and armature. Although the 
friction of the motor parts and gear does not vary with the 
weight carried, yet it is customary to express the coefficient 
in pounds (horizontal) per ton of weight carried. In going 
up a grade the force exerted is coii|)osed of two components, 
a lifting component and a traction component. 
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Suppose the weight M is being pulled 
up the grade a,b. The grade in per 
cent is expressed by ~ Let W = 

etc w 

weight of M, R the pressure normal 

to the surface, and P the draw bar 

pull or force which is equal to the 

sura of F and L, or the con5>onent required to raise the body. 

Then we have:- 

F a /I (R) sin p s ^ 

L s W sin «, 

R s W cos flL 

F r p W cos Oj 

The total pull as measured by the dynamometer then equals: - 

P B L f F = W sin «c t jti W cos a The coefficient 

u 2_P tan U 

~ w cos JO 

The value of angle » is small in grades on electric 

roads and the value of cos » will practically be 1 for most 

values. We may say then that within one f)er cent 

p = ^ - tan (t 

But tan ctl per cent grade. Therefore traction coef. = 

dynamometer pull — per cent grade, 
weight of car 
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Mechanical Horse Power 

The coraponents of the mechanical H.P. are as follov/s:- 

1. Lifting. 

2. Horizontal traction. 

3. Acceleration. 

Let W = weight of car 

S = speed in ft. per second 

t s time in seconds 
then the 
Lifting H.P. 3 W X S^/ grade 

Traction H.P. = W x S x tract.coef . 

550 

Accelerating H.P. I ^_^ ^ ' ^ g 

where S and S are the speedsat beginning and end oft seconds. 

The traction coefficient^ as determined from the results 
on trip 5 a, are given where it appeared that the car was 
running at uniform speed. |Scc i£*^'2.3/ ) 
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Trip No.l a 4 1 b,Hfey 14,Started at 9 A.M. Open Car No.23, 

Blmside to Gamp Rand&ll 
Gamp Randall to Elmside. 



Pole 


Volts Amp. total Amp. let. 


Amp. 2nd 


Speed 


E.H.P.Obser- 








Motor 


Motor 


per hr. 




vation 
No. 
2 


26 


520 


11 


11 




11.8 


7.7 


27 


528 


35 


17.8 


17.2 


11.8 


36.5 


3 


31 


480 


17 


17. 


17 


8.4 


11. 


4 


34 


360 


20 


20.5 


20 


6.8 


9.7 


5 


87 


468 


17 


16.6 


17 


9.8 


10.6 


6 


40 


460 


49 


25. 


24 


16.2 


30.3 


7 


43 


456 


36 


17. 


19 


13.2 


22 


8 


48-47 


484 


14 


12 


14 


9.3 


91 


9 


48 


490 


45 


19.6 


25.4 


13.8 


21.6 


10 


52 


488 


47 


23.2 


21.8 


13.8 






60 


500 


11 


11. 


11 


8.8 


7.7 


3 


63-64 


520 


25 


22.2 


25 


6.8 


17.5 


4 


67 


520 


23 


24.5 


28 


8.1 


16 


5 


69 


516 


42 


22 


22 


11.4 


28. 


6 


71 


512 


36 


17.8 


18.2 


14.9 


24.6 


7 


75 


516 


34 


16.1 


17.9 


13.1 


23.5 


8 


77 


520 


34 


9.8 


13.8 


13.8 


23.8 


9 


79 


508 


39 


24.5 


12.7 


12.7 


26.6 


20 


80-81 


500 


26 




26 




17.4 


1 


81 


520 


36 


16.1 


16 


loa 


25.2 


2 


89 


528 


10.5 


10.5 


10.5 


9.8 


11 


3 


93 


582 









8.3 


7.4 


4 


94 


520 


16 


16. 






11.2 


6 


94 


528 


14.5 


14 


14.5 


13.8 


10.3 


7 


103-4 


532 


18.5 


17.8 




9.8 


13.1 


8 


106 


532 


19.5 


20 


19.5 




13.9 


9 


107 


528 


30 








21.1 


30 


108 


528 


23.5 


23.2 


23.2 


13.8 


16.3 


1 


109 


516 


59 


29.5 


29.5 




40.6 


2 


110-1 


508 


55 


27.2 


27.8 




37.5 


3 


112-3 


524 


40 


38.5 




11 


28.2 


34 


116 


492 


62 


28 


34 




41 


6 


128 


528 


26 


24.5 




9.25 


81.1 


7 


127 


504 


17 


25.4 






11.5 


40 


130 


508 


18 


17.8 




9.25 


12.4 


1 


132 


516 


32 


38 






22.2 


2 
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Pole 


Volts Amp. total Arap.lst. 


Amp. 2nd. 


Speed 


E^H.P.Obseir- 








Motor 


Motor 


per hi 


• 
• 


vation 
No. 
3 


151 


520 


12 


11.3 




12.7 


8.7 


155 


524 


12.5 


11.8 


12.5 


11.4 


8.8 


4 


162 


508 


9 


8 


9 


13.8 


6.1 


6 


164 


480 


31 


16 


15 


17 


20 


I 


166 


484 


30 


13 


17 


13.8 


19.6 


168 


512 


16 


16.1 


16 


8.5 


11 


9 


171 


508 


18 


16.6 


18 


9.8 


IS. 8 


50 


173 


488 


21.5 


20.5 


21.5 


8.5 


14.1 


1 


174 


480 


30 


21.1 






18.7 


2 


175-6 


456 


32 


29 




7.6 


19.7 


3 


178 


416 


37 


17.8 


19.2 


13.2 


20.6 


4 


180-1 


480 


19 


17.2 




11;4 


12.3 


5 


183 


460 


56 


29.2 


27 


11.4 


34.5 


6 


185 


464 


44.5 


22.2 


28.3 


11 


27.6 


7 


187 


464 


45.5 


22.2 


22.3 


11.4 


28.3 


8 


192 


460 


40.5 


20.5 


20 




25 


9 


199 


490 


23 


20.5 






15.2 


60 


200 


500 


19 


17.8 






12.8 


61 


202 


500 


23 


20.5 




7.6 


15.5 


2 


203 


500 


17 


16.1 


17 


8.5 


11.5 


3 


207 


472 


17 


17.8 


17 


6.8 


10.7 


4 


202-3 


460 


24 


24.-5 






14.8 


5 


2Q0 


444 


16 


15.5 




8.4 


9.3 


6 


199^8 


480 


16 


16. 




6.5 


10.3 


7 


197 


520 


15 


14.7 




9.8 


10.4 


8 


195-6 


416 


56 


32.5 


23.5 


9.8 


31.2 


9 


194 


452 


46 


23.8 


22.2 


13.1 


27 


70 


180-1 


520 


21 


20.5 




6.5 


14.7 


1 


178 


480 


18 


24.5 




10.9 


11.6 


2 


172 


480 


22 


16.6 




8.9 


14.2 


3 


169 


476 


13 


12 


12 


8.6 


8.3 


4 


166 


440 


21 


21.1 


21.1 


7 


12.4 


5 


163 


486 


39 


20.5 


18.5 


10.9 


22.3 


6 


160 


460 


43 


22,2 


20.8 


14 


26.6 


7 


157 


500 


13 


12 




9.8 


8.7 


8 


155 


530 


16 


15.5 




9.5 


11.4 


9 


158-2 


504 


46 


^.5 


21.5 


11.8 


31.3 


80 


149 


5l6 


14.5 


14.7 




9.2 


10.1 


1 


146 


490 


62 


32 


30 


11.8 


40.8 


2 


145 


488 


54 


26.5 


27.5 


14.8 


35.4 


3 


141 


500 


46 


23.8 


22.2 


11.8 


30.8 


4 


140 


508 


50 


50 




5.3 


34.0 


5 


139 


512 


46 


37 


39 




3M^ 


6 
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Volts Arap. total Amp.lst. 


Amp. 2nd. 


Speed 


E.H.P. 


Obser- 








Motor 


Motor 


per hr 


• 


vation 
No. 
7 


138 


496 


70 


82 


88 


53 


46.6 


187 


488 


72 


37 


35 


9.2 


47.2 


8 


136 


488 


78 


85 


38 


9.8 


47.8 


9 


135 


480 


66 


32.5 


33.5 




42.6 


90 


134 


492 


64 


32.5 


31.5 


9.8 


12.2 


1 


133 


484 


63 


32 


31 




41 


2 


132 


520 


22 


28.1 






16.8 


3 


132-1 


508 


33 


29 






22.5 


4 


180 


520 


24 




, ' 


8.4 


16,8 


5 


128 


508 


44 


24.5 


, ■ 


7.4 


30.0 


6 


122 


540 












0, ' 


7 


108 


440 


80 


29 




7.4 


17.8 


8 


106 


536 


25 


24.5 




• 


18.7 


9 


104-3 


528 


18 


25.4 




8.2 


12.7 


100 


102 


524 


65 


29.7 


35.3 


1.4 


45.8 


i 


100-99 


536 


18 


22 




9.8 


13. 


2 


96 


540 










6.5 


.0 


3 


95 


480 


60 


82 


28 


9.8 


88.5 


4 


94 


440 


25 


25.4 


25 


7.8 


14.8 


5 


93 


520 


26 


24.5 




7.4 


18.2 


6 


90 


516 


45 


23.2 


21.8 


12.2 


31.2 


7 


87 


520 


57 


29.7 


27. S 


16.2 


89.6 


8 


85 


520 


48 


24.5 


28.5 


17.1 


38.5 


9 


82 


608 


46 


28.5 


22.5 


16.2 


81.5 


110 


76 


520 


33 


12 




16.2 


9a. 


1 


72 


520 


35 


17.2 


17.8 


18.4 


24.5 


2 


70 


500 


50 


20.5 


19.5 


11.4 


88.5 


3 


65 


520 


24 


21.1 






16,8 


4 


64-3 


416 


40 


34.3 




7 


32.4 


5 


61 


496 


49 


24.5 


24.5 


14.7 


8a.e 


6 


59 


520 


45 


14 




14 


81,4 


7 


45 


480 


26 


25.4 




7.4 


16,7 


8 


41 


440 


44 


21.1 


22.9 


11.3 


26^1 


9 


38 


468 


41 


21.1 


19.9 


14.7 


85,7 


120 


34 


500 


21 


17.5 




4.7 


14,S 


1 


30 


440 


44 


19.6 


24.4 


11.8 


86,0 


2 


27 


432 


34 


17.2 


16.8 


16.4 


19,7 


3 


25 


464 


35 


17.8 


17.2 


17.4 


21,$ 


4 
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Trip No.5. May 22.(^^3 and trailer.) 

Car Bams to Cemetery. 

Obser. Pole Volts Amp. Speed E.H.P. Dra«r bar X Grade 

Pull 



1 


68 


520 


26 


8.7 


18,1 


390 


2.0 


2 


70 


536 


21 


9.8 


15.1 


225 


0.7 


3 


71 


532 


17 


11.2 


12.2 


265 


0.6 


4 


72 


500 


14 


11.8 


9.7 


210 


0.0 


5 


73 


495 


23 


6.6 


15.3 


150 


0.1 


6 


74 


490 


30 


9.1 


19.7 


210 


1.4 


7 


76 


504 


35 


8.4 


23.6 


210 


2.3 


8 


78 


526 


66 


9.1 


46.5 


420 


2.3 


9 


80-8i 


524 


34 


5.9 


24.0 


310 


0.0 


10 


81 


520 


41 


5.9 


28.6 


480 


0.0 


11 


83 


516 


58 


11,8 


40.0 


265 


1.2 


12 


84 


520 


49 


14.8 


34.2 


210 


1.3 


13 


92 


520 


25 


9.5 


17,5 


150 


1.3 


14 


93 


552 





7.4 


0.0 




1.3 


15 


93.4 550 


25 


4.9 


18.4 


265 


1.3 


16 


95 


528 


26 


11.8 


18.3 


210 


1.2 


17 


100 


■ 544 


51 


9.8 


37.2 


265 


.4 


18 


104 


540 


21 




15.2 


105 


.4 


19 


107 


540 


25 


4.9 


18.0 


310 


1.0 


20 


108 


540 


29 


4.9 


22.5 




3.3 


21 


109-10 520 


85 


11.8 


59.2 


310 


3.3 


22 


11H2 512 


76 


12.4' 


52.2 


310 


3.4 


23 


112-13 540 





8.4 


00.0 




4.1 


24 


113 


520 


59 


9.8 


41,2 


425 


4.0 


25 


113-14480 


150 


9.8 


96.5 


850 


4.8 


26 


115 


492 


98 


11.8 


65.0 


480 


4.8 


27 


116 


500 


96 


11.2 


64.1 


480 


4.7 


28 


ll-J^lS 512 


94 


11.8 


64.5 


310 


4.7 


29 


120 


532 


93 


9.1 


66.5 




3.8 


30 


122 


480 


40 


5.4 


31.0 




3.6 


31 


123 


520 


42 


5.9 


29.3 


325 


3.2 


32 


127 


■ 512 


33 


7.4 


22.6 




.7 


33 


132 


' 508 


38 


8.4 


25,7 


210 


.7 


34 


135 


. 492 





4.2 


00.0 


210 


3.2 


35 


140 


548 





10.7. 


00.0 






36 


141 


540 


19 


12.4 


13.7 






37 


144 


520 





12.4 


00.0 






38 


150 


540 





11,2 


00.0 
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Obser. Pole Volts Amp. Speed E.H.P. 



39 
40 

41 
42 
43 
44 
46 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 



152 

154 

156 

164 

166 

172-3 

173 

174 

175 

178 

180-1 508 

181 472 



183 
186 
188 
189 
197 



205 
208 
210 



212 
213 
214 
219 
220 
229 



250 
251 

252 

256 



500 
500 
500 
508 

556 
520 
520 
496 
496 
480 



476 
456 
432 

462 
524 



199-200 484 
200 492 



470 
472 

448 



21011 460 
211 416 



380 
360 
380 

460 
528 
540 



229-30^ 416 
231 340 



232 

233 

235 

237 

239 

246-7 440 

247 448 



360 
400 
300 
320 
384 



360 

376 
400 

444- 



63 
49 
19 
17 
00 
25 
26 
41 
43 
50 
34 
37 
80 
60 
58 
55 
17 
30 
38 
25 
00 
36 
56 
65 
120 
98 
75 
20 
00 
00 
46 
93 
75 
79 
60 
65 
79 
25 
40 
88 
100 
105 
25 



13.1 

14.7 

3.9 

12.4 

14.7 

5.9 

7.4 

6.9 

4.2 

12.4 

4.9 

6.9 

11.8 

13.8 

12.4 

14.7 

11.8 

6.9 

5.9 

9.8 

3.7 

3.7 
4-. 5 
6.9 
8.4 
9-. 8 
5.9 

6-.5 
4-. 9 
8.4 
8.4 
9.4 
7.8 
£.7 
9.0 



8-.4 



Draw bar 
PliII 



C-.9 

n Q 



42; 2 

32.8 
12.7 
11.6 
00.0 

17,5 
18.1 
27.2 
28.8 
32.1 
23.2 
23.5 
51.1 
37.0 
33.0 
33.5 
12.1 
19.4 
24.6 
15.8 
00.0 
21,5 
34.5 
30.8 
61.2 
47.3 
38.2 
12.4 
00.0 
00.0 
26.2 
42.6 
36.3 
42.6 
24.0 
28.1 
40.6 
14.9 
24.0 
42.5 
50.2 

(^C P 

14.9 



800 
150 
310 
480 
210 
310 
310 
425 
210 
250 
210 

105 
370 
105 

425 
640 
690 
850 
480 
310 
210 



320 
480 
210 
210 
105 
150 
265 

590 
370 

446 
426 
370 



X Grade 

1.2 
level 



.4 

3.0 

3.0 

.2 

.2 

2 

2 



.3 



1.7 

5.5 
5.5 
4 



2 

3.8 

3.8 

3.8 

2.6 

2.4 

4 

5 
6 

6.5 

2 

6 
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Discussion. 

Trip nimbers with subscript (a) denote outgoing trips 
and with subscript (b), return trips. 

Round trips .1 and 2, were made between Blraside and Ga.ra^ 
Randall; round trips 3, ^and single trip 5 were made between 
Elmside and the cemetery. Round trip 6 was made on the 
Johnson St. branch between the car bams and the 111. Central 
depot. 

Trip 1 a. (See curves. Summary) The start was made at 
an hour when there was little traffic. But eight stops were 
made and the stops, per car raile_,were below the average. The 
watt-hours per car mile , were the least of any of the trips. 
The average E.H.P. was also the least of any of the trips. A 
fair average speed was maintained, the maximum being again 
less than those of the other trips. Thus we see that the 
motorman was quite efficient, running the cars at a fair 
avenige speed but not racing. He kept the current on for a 
longer time than the average but was careful in its use. 
(Note: The load carried on first two round trips was about 
the same). 

lb. The return trip was made with the same motorman. 
More stops were made, the stops per mile being up to the 

Digitized by VjOOQ IC 



Digitized by 



Google 



22 

average. The mean E.H.P. was higher than on the outgoing 
trip, while the speed and time of current consumption were 
about the same. The watt hours per car mile were greater 
on the return trip and as other conditions were similar, it 
appears that the increase of power may have been due to the 
increase in the number of stops. However, a large portion 
of the outgoing trip was down grade, which is the best expla- 
nation of the difference. 

Trip 2a. (See Curves and Summary) 

This trip was also made at a time of light traffic. As 
the conditions were similar to la^ the two trips may be com- 
pared. The watt hours and speed were about the same. The 
time of current use was smaller in 2a than in 1 a and the 
average E.H.P. higher, showing that the motorman, on this 
trip, attained the same result by using power for a smaller 
time duration and working the motor a little harder. 

Trip 3a. (See Curves and Summary) 

This trip was made at a time of light traffic ani the 
loads carried on 3a and 3b were about the same as the loads 
of the previous trips. This time the car was run to the 
terminus, over some bad grades, which had not been encounter- 
ed before, and over a poorly bonded portion. An increase 
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in the watt hours per car mile, for this trip and the other 
trips extending to the terminus, clearly showathe difference 
between the power required en the road^from Elmside to the 
cemetery terminus and from Camp Randall to Elmside. The 
average of the power required en the former was 37 per cent 
greater than the power required on the latter. The watt 
hours per car mile en this trip were the greatest of any of 
the trips. A fair average speed was maintained and the time 
of current consumption was also the greatest of any of the 
trips. The motorman was very poor, the power being used 
much longer than necessary, and an inspection of the cu.rves 
for trip 3a will show that he kept current en, even when going 
down hill. In this connection, it is interesting to note 
that Mr. Bering has had some experiments carried out with a 
view to determine how mu.ch the motorman can save in power by 
being careful. A car was taken out on the Pikesville road 
near Baltimore and a run was made with an experienced elec- 
trician at the controller. The latter was given instructions 
to handle the car in the most careful manner, using a minimum 
of current and running as close to the schedule time as pos- 
sible. The number of watt hours used on this trip was 73 per 
cent of all the trips going, and 68 per cent of all the trips 
returning. Compared with four trips of the regj.lar service" 
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tests, in which the number of stops and passengers were about 
the same as in the special test, the proportion was 85 per 
cent going and 74 per cent returning, a saving of 15 and 28 
per cent respectively or an average of 20 per cent. 

For the sake of avoiding exaggeration and allowing that 
such expert raotormen could not readily be obtained, he con- 
siders that it would be safe to halve this figure and take 
10 per cent as the araount of energy that can readily be saved 
by more careful handling of the controller. He made several 
subsequent tests which corroborated his deductions. 

We may now see of what magnitude this saving would be on 
the Madison Electric Railway. 

From the summary, page May^we can see that the average 
watt hours^per car mile of all trips made on the total length 
of the main line^is 1583.9. The average watt hours then re- 
quired for a round trip z 12.2 x 1588.9 = 19,323.6. A sav- 
ing of 10 per cent is 1,932.4 watt hours. 

The ^fedison Gas and Electric Co. generate their power 
for probably something more than 2 cents per K.W. hour but to 
be on the safe side we will assume that the power costs them 
this much. Then we will have a saving of 3.96 cents per 
round tarip. The cars on the main line make 10 trips a day 
and the saving per car per day will be 39.6 cents or $140,890 
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per car, per year. The company runs 7 cars on this parfc of 
the road and the total saving for all the cars per year would 
be $986,230, (If the company generates its power^ average 
practice indicates that the cost per K.W. hour would be .OC^^h) 

Trip 3b. (See Curves and Summary) 

This trip was run with the same raotorraan as before^ (3a), 
The stops per car mile were less than on the outgoing trip, 
a higher maximum speed was attained, and the mean speed was 
higher. The mean and maximum B.H.P. and the load were about 
the same in the two cases. The watt hours were considerably 
less and the time of current consuirption was much less. An 
inspection of the curves for this trip, will show that in 
several instances the motorraan used power on the down grades. 

Trip 4a. (See Curves and Summary) 

This trip was made at a busy time of the day and dif- 
fered from the other trips in having the heaviest passenger 
load. The stops per car mile were the most of any of the 
other trips and the average speed was the least^ of any of 
th e trip s, as we might expect, . owing to the large number of 
stops. An inspection of the curves will show that the rao- 
torraan was reasonably econoqiical with the power. Although 
the passenger weight was much greater on this trip than on 
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3a and the stops were also greater, the more careful motorraan 
of trip 4a used 36 per cent less power than the raotorroan of 
trip 3a. 

Trip 4b. (See Curves and Summary) 

Yvji\ there 
This being the return trip of the previous^was another 

heavy passenger load. The number of stops per car mile was 

slightly above the average and the mean speed was low. An 

inspection of the curves show that the motorraan was careful 

in his use of the power. Though the number of stops and 

passengers were much greater than in the case of 3a, the more 

efficient motorraan of trip 4b used 19 per cent less power. 

Trip 5a. (See Curves and Soramary and tabulated trip.) 

This was the trip with the dynamometer car attached, A 
heavy passenger load was carried and the highest maximum and 
minimum speeds were attained of any of the trips. The num- 
ber of stops per car mile was about the average, and the num- 
ber of watt hours per car mile was high owing, probably, to 
the high speed maintained. The curves indicate that the 
motorraan was fairly economical. This trip differed from the 
others as the trip was made between the car bams and Elm- 
side. 
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Trip 6a. (See Sumnary) 

This trip was made with a lighter closed car on the 
Johison Street branch and was made in the afternoon at a time 
of light traffic. The mean speed was not much different 
from the average of the mean speeds on the main line hut the 
maximum speed was much less. The watt hours per car mile 
was also below the average of the readings on the main line. 

Trip 6b. (See Summary) 

The return trip had a higher mean E.H.P. than the out- 
going, as might be expected, owing to the hard climb from the 
111. Central depot to the Capitol and the mean speed was also 
hi^er. Unfortunately the wattmeter reading for this trip 
was lost. 
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Discussion of Curves. (5«e. •\q9^%<2'^^~ ) 
What has been said in regard to the sujnmary of the 
trips will apply in a general way to the curves. The re- 
lation between the current, volts and speed, for any portion 
of the road is graphically shown for each of the trips. 
The road is broken up into many grades and the curves of cur- 
rent are very irregular. The curve s^ plotted on the grades, 
are very interesting and instructive. At the bottom of the 
grade there is, in each case, a violent ru.sh of current. 
This is due to the force of accelerati(Mi,and as the car gets 
under headway the current, for a short stretch, approximates 
a constant value. At each of these grades, the curves of 
voltage show how the large amount of current causes the volt- 
age to fall. The curves further demonstrate that the great- 
est starting currents occur at the foot of King and Carroll 
and at the comer of 
Sts.^ Bresse Terrace and University Avenue. where there is a 

sharp curve. The average curves of current follow, in a 
gaieral way, the profile, the maximum occuning at about the 
middle of the grade. The curves of average speed are also 
higjier at the grades than at other portions. The curves of 
average volts drop off directly as the distaice increases 
from the power house, being the least at the two ends of the 
system. The curves of voltage are depressed at up grades 
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and sli^tly raised at 'cicwn grades! Beyond Camp Randall, 
there is an abnormal depression due probably to bad bonding. 

On trip 5(a), the dynamometer pull is plotted in addi- 
tion to the electrical data. Between Baldwin St. and the 
statiai. some of the readings, taken down hill, were due to 
the brsLke on the trailer. At most of the points along the 
road it is interesting to note the close correspondence be- 
tween the curves of ai.rrent and draw bar pull. For example, 
at the bottom of a grade^before the car has gotten under 
headway, there is an abnormal rush of current; the car accel- 
erates, and the draw bar pull is consequently high. 

Discussion of Power used on Grades. 

On page'^tLwill be found a summary of the power used on 
the principal grades. In making this su.mmary, a large number 
of current, speed and voltage readings were averaged from the 
tests. Efforts were made to select readings which represen- 
ted the average conditions and which simply represented the 
power required to overcome friction and to lift the car. 
The hi^est recorded current of all the grades was that on 
the 5.5 per cent grade on Brosse Terrace. Next to this was 
the power used on King St. which is a 4 per cent grade. The 
speed on Breese Terrace was less than on any grade on the 
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main line. On the Johnson St. branch, with the lifter 
closed car, the worst grade, as far as power consumption was 
concerned, appears to have been the 4 per cent grade on Ham- 
i Item St. W. Main St., which has the same grade, would be 
just as bad if the average speed maintained was as great as 
en Hamilton St. 

The Baldwin St. grade is abait the greatest of any grade 
in the whole system. On our test a low average speed was 
maintained and the electrical horse-pcwrer was some less on 
this grade than on some of the lesser grades. 

On Johnson St., for about half a mile, is the only level 
stretch of any extent on either line. A high average speed 
was maintained here and the average E.H.P. was 11.35. 
Discussion of Results on Curves and Tumou.ts. 

On page aj7fi;will be found a summary of the results on the 
principal curves. The current values, with the radii of the 
curves, speed, and loadscarried, make comprehensive data. 
On another page will be found a tabulation of the power re- 
quired on some of the turnouts. 

The chief characteristic of the power used on the curves 
is the uniformity of the readings. The maxirniijii current was 
37 amperes on the curve going from State to Carroll Sts. 
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The minimum was en the curve going from Wilscwi to Williamson 
Sts. This value was 18 amperes. Most of the values, how- 
ever, varied from 20 to 30 amperes. 

Discussion of Traction Coefficient. 

FrOTi the nature of the profile of the road, it is ex- 
tremely difficult to have conditicais of uniform speed aid 
draw bar pull. The grades are numerous and short and the 
car is constantly changing its speed. An inspection of the 
curves of trip 5a, will show, that the pull was at best ir- 
regLilar. However in a few instances there was nearly a con- 
stant pull, and computatiais of the traction coefficient, lift 
H.P. and traction H.P. have been made from the readings at 
such points and are tabulated in the table below. 



Type Loca- Total Grade Pull E.H.P. Tractioi. Lift Speed 



of tion load per in 
car cent lbs. 



coeTT 
]b6.pei' 
ton 



n.P. H.P. 



#23 Jeni- 

open fer 6000# 1.4 200 19.7 38# 2.78 2.05 9.1 

car St. 



Mean 



Wil- 
son St 

King 
St. 

Main 

Brese 
Ter. 



3.3 310 59.2 36# 3.59 6.2 11.8 

4.0 330 64.5 30# 2.32 5.15 11.5 

0.7 125 25.7 26# 2.51 1.39 12.4 

3.8 300 36.3 24# 1.61 5.1^-8.4 



31. 2# 
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The average of our results seems to indicate that it re- 
quired about 30 lbs. pull per ton to overcome the friction of 
the bearings and gearings, together with the friction of the 
car infeeels upon the track. The track was fairly dry during 
the test, a slight rain having fallen the night previous. As 
tlirailer had bfen stored in the bams all virinteij the car was 
probably not in the best running condition, a fact which may 
have affected ouj: results. 

Comparisons. 

In order to come to definite conclusions on the results, 
it is necess.ary to compare the tests with those made on other 
lines. A series of tests were made on the Madison St. car 
line in 1893 by Messrs. Smith, Glen Wray and Boardman. It 
will be of interest to compare some of their results with 
those of the presait series. The company was running the 
lifter closed cars on both lines then and their results as 
to power on grades, etc. shou.ld be less. 

They made no test of the resistance of the system but 
their insulation tests gave an average of 29,186 ohms for the 
total resistance. This, as compared to our measurement of 
673.03 ohms^ indicates that the insulation has probably great- 
ly deteriorated since 1893. However, the fact that the road 
has been lengthened abou.t two miles since then shou.ld be tak- 

Digitized by VjOOQ IC 



Digitized by 



Google 



33 

total 
en into caisi deration as this would decrease the. resistance. 

A. 

The following is a table of their results on sane of the 
principal grades. Our values are compared. 



Year of Location of Per cent Distance Speed E.H.P. 

grade in ft. miles per hr. 

Level 2800 



700 



3.2 660 



test 


Grade 


1893 


Johnson St. 


1898 


• ■ 


1893 


King St. 


1898 


■ ■ 


1893 


Carroll St. 


1898 


■. ■ 


1893 


Main at C*t 
House 


1898 


■ 


1893 


Baldwin St. 


1898 


■ ■ 


1893 


Hamilton St. 


1898 


■ • 


1893 


Wilson St. 


1898 


« ■ 



5.3 800 



6.3 270 



5.3 740 



2.7 660 



15.2 


10.8 


11.8 


17 


9 


22.1 


11.3 


43.3 


7.3 


25.9 


10.2 


39.2 


8.8 


25.5 


4.55 


30.2 


7.9 


35.4 


4.55 


36.7 


10.5 


24.2 


8.2 


37.7 


9.5 


18.7 


10 


40.6 



The loads were not considered in their tests but as our 
loads were light the two tests can be ccwipared. From the 
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results on the same grades the power required by the two 
types of car, whai new, can be compared. For example, on 
King and Williamson Sts.j-the speeds in the two tests were 
about the same. On the King St.grade^ the test of 1898 shows 
that the current required was 97 per cent greater than was 
required to run the cars in 1893. In the case of the Wilson 
St. gradOj the increase was 111 per cent. This increase was 
due, in a small measure, to the increased weight of the cars 
and probably was largely due to the deterioration of the 
track. 

In the case of the Johnson St. test we used the same type 
of car as was tested in 1893, but with the difference that 
our car had been in service for five years. The increase of 
power is not so great in this case, but is considerable, and 
is due largely to the track which has become very bad. 
Our results are compared with theirs^on curves. 
Location of curve Year of test Av. speed Av.E.H.P. 



Main to Carroll 


1893 


6.8 


11.2 


Main to Carroll 


1898 




15.4 


Carroll to Main 


1893 


5.8 


13.9 


Carroll to Main 


1898 


5.9 


22.1 


Williamson and Baldwin 


1893 


. 3.9 


11.0 


a a ■ 


1898 


6.8 


18.7 

Digitized by CjOOQ IC 



Digitized by 



Google 



35 
Again it is seen that the new cars take about twice the power 
of the old cars as they were running in 1893. 

As to roads in other cities, the following comparisons 
are given. 

Insulation. 
Cincinati Inclined R'y. 
Total insulation resistance, 25,000 ohms. 
Resistance per mile, 300,000 ohms. Made after a heavy dew. 
East Cleveland Railroad Company. 
Cedar Street East. 
Total resistance, 480,000 ohms. 
Resistance per mile, 2,880,000 ohms. 
Cedar Street West.' 
Total resistance, 420,000 ohms. 
Resistance per mile, 1,260,000 ohms. 
Akron Railway. 

Total resistance, 400,000 ohms. 
Resistance per mile, 6,400,000 ohms. 
Total resistance of Madison Rail^Araiy, 673 ohms. 
Resistance per mile, 5,842 ohms. 

It is seen that the insulation resistance of Madison is ex- 
tremely low. 

Below will be foujid some vsdues obtained on grades of 
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the Pikesville road of the Baltimore Traction Conpany. 

The total weight carried was about the same on these 
tests as on the Madison tests. The motors were two 25 H.P. 
Westinghouse motors. 



Test 
Beiltimore 


Orade 
5.96 


Speed mi. 
per hr. 
4.15 


Total Wt. 
17,135^ 


E.H.P. 
at car 
21.6 


■ 


■ 


10.41 


16,935# 


43.2 


Madiscn 


5.5 


8.4 


18,850# 


45.7 


Baltimore 


2.6 


5.66 


17,185# 


12.5 


■ 


■ 


12.37 


17,235# 


29.3 


Madiscn 


2.3 


12.8 


18,540# 


27.5 


Baltimore 


5.96 


8.37 


23.573# 


55.0 


Madison 


5.6 


8.4 


18,850# 


45.7 



The results on the two roads agree very well, especially 
irtien comparisons are made where the speeds and the grades are 
the same. The best comparison is made on the basis of the 
watt hours per ten mile. 

The following table gives some values of the watt-hours 
per ton mile on several roads. 
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Road 


Total Load 
tons 


N.Y.N.K. & H. R.R. 


34 (1) 


■ 1 


64 (2) 


Edmonds en Ave. Line 
Baltimore 


8 (3) 


Carey St. Line Bait. 


8 (4) 


Linden Ave. Line " 


8 (5) 


Roland Park & Lakeside 


8 (6) 



37 



Watt-hours 
per ten mile 

81.7 

60 

138 

134 

160 

138 
(Express run) 

Bait. & Pikesville 8,6 90 (Express rui) 

Roland Park & City Hall 8.1 142 ' ' 

Madison 9.25 171 

(Readings of round trips compared.) 

The Madison test has a higher value than any of the tests. 
The first two cases given are hardly compamtive cases as the 
road is suburban and the rolling stock is much heavier than 
ordinary practice. The value of 60 watt -hours per toi mile 
is, no doubt, near the minimum limit. The third, fourth, 
and fifth cases are frcwi tests made under very similar con- 
ditions to the Madison tests. The loads carried were nearly 
the same and the cars were equipped with 2 - 25 H.P. Westing- 
house motors. The Baltimore tests were made in 1894 by 
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Hennann S. Herring and the N.Y.N.H. and Hartford R.R. test 
was made by Mr. Heft, in 1897. In this connection, it is in- 
teresting to note the power required at the station per car. 
The following table gives seme of the results obtained from 
tests at the Madison power station, in recent years. At the 
same time the results are compared with those obtained from 
power staticns of other similar cities. 

Place No. Cars in Max. Aver. Max. Aver. Aver. Aver. Aver 
operation I.aP I.HR E.H.P.BRP. Amp. I.HJB E.HP. 

per per 
car car 
Madiscfi, 8 248 117.5 130 9270 140 14.69 11.59 

Wis. 

Utica,N.y. 20 190.5 154.3 9.52 7.72 

Wyandotte 
& Detroit 
River 3 141 70 90.27 4-5. 67 25.25 15.54 

Syracuse.N.Y. 7 51.4 33.5 50 7.80 7.4 

Cortland,N.Y. 6 60.4 48 10.66 8 

Auburn ,N.Y. 6 80 63.04 13.33 10.5 

Averages 13.3 10.19 

It is seen that these tests also show that the power re- 
quired per car on the Madison Road is a little above the av- 
erage. — The data of many car tests indicates that the stops 
per car mile on busy roads average about 8; 1.4 for suburban 
roads, and 3.4 for city and suburban roads. The average of 
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the stops per ceu* mile, upon our tests, which was 2.55, falls 
between the average values for busy city traffic and for city 
and suburban traffic. 

In a series of careful tests made by Mr. Hering in 1893, 
on roads in the vicinity of Baltimore, he found that the 
traction coefficient for a trailer, similar to the one we 
used, was 8.6 lbs. per ton. (See St.Railway Gazette, 1895). 
His experiments were made over finely equipped roads similar 
to steam railroads. 

For average street railway practice, the coefficient is 
given by authorities as varying fran 20 to 30 lbs. per ton. 
It would seem .then, that the value of the coefficient from 
our test was high.. . 
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Conclusicn. 

The company's road is badly maintedned while the cars 
and motors give fair service. The insulation is bad and the 
resistance of the ground is altogether too high. Our tests 
indicated that the ground had a greater resistance than the 
overhead circuit,while good practice dictates that the re- 
verse should be the case. The most striking ccn elusion, as 
brou^t out by the tests, is the varying efficiency of the 
motormen. The company should require that their motormai 
be more economical of the power and should be strict in en- 
forcing this requirement. The return circuit should be made 
better and the points that cause bad insulation resistance 
should be sought ou.t and ccu^ed for. 
References (Hering, St. Ry. Gazette, August, 1895.) 
■ (Heft - St.Ry. Journal, June, 1897.) 

The author wishes to acknowledge the kindness of Mr. 
Shaw, Superintendent of the Road. He gave every assistance 
and made many detenninaticns possible that otherwise could 
not have been determined. 

Thanks are also due to Messrs. Lippert, Kellar, Olsen, 
Hurd, Nee, King, and Schroeder, vrtio gave valuable assistance 
in taking readings. 
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